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Adjacency effects in nitrogen-burst and viscous processing of
Eastman Fine Grain Release Positive Film, Type 5302, (in well-buffered
Phenidone-hydroquinone developers) were measured by edge exposure
microdensitometer scans. A well-buffered basic formulation containing
10 grams of hydroquinone and 1 gram of Phenidone at a pH of 10.5 was
chosen for study. Sensitivity to pH and concentration level was tested
by independently reducing the developing-agent concentrations by
30 percent and 50 percent, and the pH to 10.2. Chemically equivalent
formulations for viscous development were produced by thickening the de
veloper solutions with sodium carboxymethyl cellulose. No significant
adjacency effects were observed for nitrogen-burst processing. For
viscous processing, significant adjacency effects occurred for all four
formulations and were found within the limits of experimental error to
be directly proportional to large-area edge density difference for con
stant high density at the edge used for this measurement. Adjacency
effect magnitudes, expressed as a percentage of large-area edge density
difference, were found to be 93 percent, 19.3 percent, and 31 2 percent
for relative developing-agent concentrations of 1.0, 0.7, and 0.5, at a
pH of 10.5, and 24.2 percent for a pH of 10.2 at a relative developing-
agent concentration of 1.0.
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I. INTRODUCTION
In the motion picture and television industries, requirements
exist for quickly and conveniently processing motion picture film to a
high standard of quality. Present methods of rapid processing employ
high temperatures , more reactive solutions , and higher agitation levels
than those used for conventional processing. In conventional process
ing, however, high agitation is necessary in order to maintain a high
development rate and to obtain satisfactory process uniformity.
A different approach to rapid processing consists of the applica
tion of a concentrated viscous processing solution to the emulsion at
an elevated temperature. This method eliminates the agitation factor,
and the need for developer replenishment; it allows economical one
time use of the solutions, making control of uniformity simpler. As a
consequence, many of the existing problems in process quality control
are eliminated.
To permit reasonable process times, developers for viscous layer
development are special formulations with higher pH and higher develop
ing agent concentrations than developers used in agitated systems.
Chemical economy of viscous layer development is favorable despite
increased concentrations and partial developer usage at areas of low
developed density. In experiments with Eastman Fine Grain Release Pos
itive Film, Type 7302, (a motion picture 16mm print film) successful
processing has been obtained with a coating thickness of 0,008 inch.
This coating thickness corresponds to a usage rate of 1 ml/ft of 16mm
film.
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Replenishment rates are in the range of 3.0 to 12.0 ml/ft of film for
conventional processing of this film. Economy is somewhat offset by the
increased concentration of viscous solutions.
Viscous processing has proved advantageous for optical soundtrack
processing. Improved uniformity of processing and reduction of abrasion
tend to improve signal-to-noise ratio on recording films such as Eastman
Television Recording Film, Type 7374. Also, optical sound tracks can
be given a different process from that used for the picture area.
Edgecomb and Seeley , in a discussion of viscous processing, indi
cated that viscous development of Eastman Fine Grain Release Positive
Film, Type 5302, (the 35mm equivalent of 7302) produced "crisper" pic
tures than immersion development of the same type of film. The reasons
given for this result were cleaner highlights and an increase in contrast
in the toe of the D log H curve for viscous development. Some of the in
creased
"crispness"
noted by Edgecomb and Seeley could have been due to
increased adjacency effects, and edge enhancement, resulting from the
absence of agitation inherent in viscous processing.
An investigative study was proposed to determine the relationship
between viscous and conventional development. Increased knowledge of
the relative magnitude of adjacency effects produced by these two pro
cesses could be helpful in determining the type of processing to use for
a given application.
A viscous developer formulation similar to Kodak D-97, used for
machine processing of Eastman 532, was selected for study. This formula
was prepared by adding sodium carboxymethyl cellulose, a photographically
inert thickening agent, to the developer and adjusting pH to match that
of the unthickened developer. In motion picture reproduction with
Eastman 5302, a process gamma of 1.8 to 2.4 has normally been used for
projection or television prints. Consequently, viscous and nitrogen
burst development times were selected to produce D log H curves in this
gradient range. An exact match in characteristic curve shape for all
processes was not possible, but by increasing development time with the
viscous developers, the same contrast could be obtained up to densities
of approximately 1.6.
II. BACKGROUND THEORY AND DESIGN PARAMETERS
Adjacency effects can occur when a relatively sharp boundary
separates two aress receiving different exposures. Most adjacency
effects are characterized by a greater density difference in the immed
iate vicinity of an edge than that occurring between large areas receiv
ing the same exposures. Nelson^ and Frieser0 indicate that a major
factor tending to increase edge contrast is developer exhaustion in
high density areas. Exhausted developer has less activity due to re
duced developing-agent concentration from partial usage, higher bromide
reduction, and lower pH caused by production of acid as a development
by-product. At an edge, the reduction in developer activity is decreased
by diffusion of fresher developer from the less dense side to the denser
side. A converse diffusion of exhausted developer to the less dense side
causes a density depression at the less dense side of the edge. The com
bination of these two effects is referred to as an adjacency or edge
effect. Adjacency effects cause a higher density difference and hence
higher contrast at an edge than would be predicted by the macroscopic D
log H curve for a given process condition. This occurrence represents a
nonlinearity in the photographic process because development density for
a given exposure is dependent upon spatial distribution of the image.
Agitation, development time, temperature, edge gradient, and edge-
density difference control the magnitude of adjacency effects produced
for a given emulsion and developer formulation. Edge effects are de
creased by increasing developer agitation, since agitation maintains
constant concentration in the solution contacting the emulsion, thereby
minimizing local developer exhaustion and accumulation of development
by-products within the emulsion layer.
Developing-agent concentration and degree of pH buffering influence the
degree to which exhaustion occurs j adjacency-effect magnitude is also
dependent on sensitivity to bromide and hydrogen ion concentrations.
Concentrated, strongly restrained, developers such as Kodak D-19 have
correspondingly reduced exhaustion effects and hence can be expected to
produce smaller adjacency effects.
Increased development time tends to reduce adjacency effects by
allowing more time for developer to penetrate the emulsion and for by
products to diffuse out. For reasons not yet fully known, however,
adjacency effects may not disappear completely with increasing develop
ment time. One probable reason for this persistence phenomenon is mi
gration from areas of high exposure to areas of lesser exposure of iodide
released during the development process. This transferred iodide inter
feres with subsequent silver halide reduction in areas of lesser exposure
to a degree dependent upon concentration - causing lower densities even
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upon complete development. Conversely, iodide released at the high
density side of an edge is reduced by diffusion to the lower density side,
permitting higher densities at the edge than could have occured without
reduction of bromide concentration.
A second possible reason for the persistence of edge effects at com
pletion of development under conditions producing considerable solution-
physical development is migration of silver as complex ions. No data are
available to support this mechanism for the developers investigated. It
is not likely that the silver complex ion migration was a large factor
producing the adjacency effects observed since the developers were only
moderate solvent and were high activity formulations.
Increasing temperature rapidly raises development rates and accent
uates developer exhaustion effects in areas of high density because the
temperature coefficient of reaction is greater than the temperature dif
fusion coefficient.
Adjacency effects increase with increasing edge gradient and with
increasing density difference across the edge. Thus, it is necessary,
for test purposes, to produce identical gradients and density differences
for the processes being compared. Generally, for experimental purposes,
edge exposures are made as sharp as possible and density differences
across the edge are made large to minimize measurement errors. If an
optical exposure device is used to produce test exposures, edge gradients
are limited by the optical spread functions of the optical system and film
emulsions used. However, if exposures are made using a metal edge in con
tact with the emulsion and x-ray exposures, the optical spread function
is essentially eliminated and resulting edge responses can be attributed
only to the chemical spread function of the given developer-film combi
nation. Optical exposure by contact printing was chosen for this investi
gation because it closely simulated the actual motion picture duplicating
application of 5302, and because suitable x-ray exposure equipment was not
available. Figure 12 on page 40 indicates the sharpness of the edge ex
posures obtained by contact printing.
In viscous processing, the environment in which film is developed
affects development temperature. Due to evaporative cooling, a viscous
coating will tend to reach the wet-bulb temperature of the surrounding at
mosphere. Rates of layer evaporative cooling and of film and layer heating
are affected by the surrounding atmosphere, relative humidity, and air
velocity.
Increased air velocity tends to cool the layer. Increasing relative
humidity in this process environment brings the wet-bulb temperature
closer to the dry-bulb temperature thereby reducing evaporative cooling
with consequent improvement in temperature uniformity during development.
In processing machines such as the Viscomat, manufactured by Eastman
Kodak, development occurs in the presence of saturated water vapor at the
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desired process temperature. Under this condition care must be taken to
prevent condensation droplets from striking the viscous layer causing
developer dilution and resultant loss of density.
8III. EXPERIMENTAL PROCEDURE
The adjacency-effect investigation was carried out with Eastman
Fine Grain Release Positive Film, Type 532, and developer formulations
similar to Kodak D-97- An edge target with three different exposure
differences was prepared from a high resolution plate and printed onto
each test strip using tetrachlorethylene as a contact liquid to reduce
light scatter. The resultant edge images were processed using well-
buffered nitrogen-burst and viscous developer formulations matched in
pH and developing-agent concentrations. Developing-agent concentrations
and pH were varied independently to determine their influence on adja
cencyeffect magnitude. Adjacency effects were present in all viscous-
processed samples , increasing rapidly in magnitude with decreasing pH or
developing agent concentration. In order to yield a macroscopic char
acteristic curve gradient (from .40 to 1.60 density) of about 2.2, and
maintain a constant curve shape from the toe to a density of about 1.6,
process times were adjusted for each formulation and type of processing.
Viscous processing was conducted by using a specially designed film
holder and doctor blade to apply a thin layer of developer to the film.
Immediately after sample coating, the film holder was inserted in an
environmental control chamber designed to maintain a constant development
temperature. At completion of development, the viscous developer was
rapidly washed off with a cold water spray and then the film sample was
immersed in fresh fixer.
Adjacency effects were measured from raicrodensitometer-slit scan data
using trace paths oriented normal to the developed edges. Edge-effect
magnitude was determined by measuring the difference between the large-
9area density and the maximum density at the edge, /^D, and dividing this
value by large-area edge density difference, D (see Figure 8 on page 33).
As in most recent investigations, the adjacency effect on the low-density
side of the edge was so small that it was obscured by the optical spread
of the image in the emulsion (see Figures 11 and 12 on pages 39 and 40)
so no attempt was made to measure it. For each viscous process formulation,
a first-order regression line was fitted to the density increase versus
edge-density difference data. All four developer formulations which were
concentrated, well buffered, and well restrained with KBr produced negli
gible adjacency effects with nitrogen-burst processing. These effects might
not have been negligible with other formulas.
Edge Target Preparation
An edge target was prepared by contact printing a National Bureau of
Standards edge onto an Agfa-Gevaert Scientia Plate, type 8E75i 4 x 5%
#576703, using an enlarger as the light source. The plate was taped to a
micrometer stage equipped with a horizontal reference bridge against which
the standard edge could be located prior to each exposure. Three parallel
edges of different densities were produced by varying exposure time. Be
tween exposures, the plate was moved by turning a micrometer head mounted
on the stage to bring an unexposed area into position for the next ex
posure. Xylene was used as a contact printing liquid to reduce light
scatter and optical surface interference effects which would otherwise have
degraded the edge images. After exposure, the targets were developed with
continuous brush agitation in Kodak D-76 developer, diluted 1:1 at 70F
for 7 minutes. The target set selected for use consisted of three bars,
each approximately 2mm wide and 18mm long, with a spacing of about 1.5mm.
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Printing densities of the bars on Kodak Fine Grain Release Positive Film,
Type 5302, with a tungsten source were approximately .25, .56, and .71
permitting a range of edge exposure differences for adjacency effect
analysis .
Developer Formulation
Kodak D-97 a typical developer for processing Kodak Fine Grain
Release Positive Film, Type 5302, was used as a starting point for devel
oper formulation. D-97 is a superadd!tive metol-hydroquinone composition
with relatively high sulfite content similar to D-19 diluted 1:1. The
following well-buffered and well-restrained Phenidone-hydroquinone devel
oper formulation was designed for use at 10.5 pH.
Quantity (gm/l)
Ingredient Viscous Nitrogen burst
Sodium sulfite 40 40
Phenidone 1 1
hydroquinone 10 10
Disodium hydrogen phosphate 20 20
Potassium bromide 5 5
Sodium carboxymethyl cellulose 80
Trisodium phosphate As required As required
Distilled water To make 1 liter To make 1 liter
For a given process condition, nitrogen-burst and viscous developers
were prepared in tandem using the following procedure: Place 2,400cc of
distilled water in a 4 liter beaker on a magnetic stirrer and bring the
temperature to approximately
35C. While stirring, add 120 gms of sodium
sulfite. After the sulfite has dissolved, add 3 gms of Phenidone, and then
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30 gms of hydroquinone. Once the developing agents have dissolved, add
60 gms of disodium phosphate and 15 gms of potassium bromide. Next, add
60 gms of trisodium phosphate. When all ingredients have dissolved, cool
the solution and divide it into 1/3 and 2/3 portions. Bring the larger
portion to two liters and 10.5 pH + .01 at 75F, using a Model 1019
Beckman Research pH meter, by adding distilled water and trisodium phos
phate as required. To form 500cc of viscous developer, take half of the
remaining solution and place it in a 1,000 ml beaker. Using a magnetic
stirrer, mix the solution while gradually adding 40 gms of sodium carbo-
xymethyl cellulose. A large diameter stirring rod,
1/2" to 3/4" in dia
meter, is helpful in dissolving the carboxymethyl cellulose powder. After
the cellulose has been dissolved completely and a uniform liquid has been
obtained (approximately one hour), use a Model 1019 Beckman Research pH
meter to bring the solution to 500cc + lOcc, and 10.5 pH at 75F, by add
ing distilled water and 10$ trisodium phosphate solution as required and
carefully stirring to ensure homogeneity of the mix before each pH reading.
Once the developers have been mixed, place them in tightly-capped storage
containers, filling to the top to exclude as much air as possible. It is
recommended that the solutions be used within 48 hours after preparation.
The mixing procedure was modified slightly to suit controlled varia
tions in developer formulation. Phenidone and hydroquinone concentrations
were simultaneously reduced by 30$ and 50$ and pH was independently re
duced to 10.2 pH to yield a total of three variations from the original
formulations for both viscous and nitrogen-burst developers. Amounts of
trisodium phosphate were reduced as necessary to achieve the desired pH
value .
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Viscous Processing Apparatus
A film holder and an environmental control chamber were fabricated
to facilitate viscous sample coating and temperature control. The film
holder shown in Figure 1 was designed to hold exposed film samples during
coating and subsequent development. Plexiglas was selected as the base
material - due to its relatively low thermal conductivity - to minimize
heat transfer through the base of the film, in the event of a temperature
difference between the developer layer and film holder.
An environmental enclosure was built to control process temperature.
It was desired to minimize evaporative cooling of the viscous layer during
development which would have caused thermal gradients across the developer-
film interface, and would have altered developer layer concentration and
temperature. To minimize such gradients, and hence, process condition
uncertainty, it was deemed necessary to match dry and wet-bulb temperatures
as closely as possible with a nearly saturated atmosphere at the desired
process temperature. This condition was met by bringing a small volume
of agitated air in an insulated enclosure in contact with a large surface
area of agitated water maintained at the desired process temperature.
The enclosure used for viscous-process temperature control is shown in
Figures 2 and 3 A wire mesh screen supported the film sample holder about
1/4-" over the surface of water contained in a Blue M Microtrol temperature
control bath and held at the desired process temperature. A cover, made
from 1" styrofoam insulation, enclosed a small volume of air surrounding
the sample. Air circulation was achieved by stirring the air with a paddle
attached to a laboratory stirring motor. Thermometers were added to permit
monitoring of air and water temperatures.
13
i" plexiglas
aluminum
2 thicknesses
Figure 1. Viscous-process film sample holder.
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A funnel mounted on the enclosure permitted addition of small amounts of
hot or cold water for adjustment of air and water temperatures. The Blue
M Microtrol agitator was used to provide water bath circulation to im
prove heat and moisture transfer to the air surrounding the film sample
being processed. Temperature control was attempted using the thermostat
in the Blue M Microtrol, but large thermal overshoots resulted (due to the
low rate of water bath heat loss and large heating element heat capacity),
causing temperature cycling over a range of about 1F. Water temperature
control of + ,1F over the longest process time of 10 minutes was readily
obtained by periodic addition of small quantities of hot or cold water as
required between viscous sample processing runs , since the large volume of
water in contact with the air surrounding the film sample holder provided a
good thermal ballast.
Nitrogen-Burst Processing Apparatus
Nitrogen-burst processing was accomplished using a nitrogenburst
processor located in the Photographic Science Department at Rochester
Institute of Technology. The apparatus consisted of a plexiglas tank con
taining a nitrogen plenum at the bottom. Thirty-five millimeter wide sam
ples were held vertically under tension in a plexiglas rack which could
readily be inserted into and removed from the tank to control process time.
Nitrogen was supplied in periodic bursts of controllable duration and time
interval. A specially designed valve system prevented afterbubbling at the
end of each burst which might produce persistent circulation patterns with
consequent development non-uniformity.
Temperature control was achieved by bringing the solution to the de
sired process temperature and immersing the strip rack in water of the
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desired process temperature for approximately five minutes just prior to
loading and processing. Temperature changes during development were read
ily held to less than 0.3F over the longest duration used of five minutes
because processing was performed at 75F which was close to ambient room
temperature and the plexiglas tank material was a relatively good thermal
insulator. A more complete description of the nitrogen-burst apparatus
can be found in the M. S. thesis of B. J. Britton (R. I. T., 1971).
Edge-Sample Exposure
Sensitometric exposures were made using a Kodak Model 101 Process
Control Sensitometer (2850K color temperature) and a 21-step Kodak #2
Step Tablet calibrated with a Macbeth TD 102 Densitometer with a 2mm aper
ture and set for visual density readings. Edge exposures were made by con
tact printing the edge target onto 5302 stock by using liquid gate printing
in conjunction with a point light source provided by a Simmon Onega Model
D-2 Enlarger with a 150-watt bulb. The enlarger head was fitted with an
Ilex 2-inch, f/4.5 enlarging lens set at f/ll and located 30 inches from
the film plane. The film plane consisted of a glass plate backed by a
piece of dull black paperboard. Tetrachlorethylene was selected as a con
tact liquid instead of the xylene used previously because tetrachlorethy
lene was found to be easier to use due to more rapid spreading, less tend
ency to produce trapped air bubbles, and more rapid evaporation.
The film sample to be exposed was placed along one edge of the glass
plate on several drops of tetrachlorethylene. Two or three more drops were
placed on the film sample before placing the edge target on top by first
contacting the target at the glass plate edge and then slowly rotating the
target about that edge until tetrachlorethylene had covered all of the
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film sample. Several more drops were placed between the black cardboard
and the glass plate bottom surface to minimize reflections and resultant
apparent rotation. Sample exposures were adjusted as necessary to produce
a large-area density of 2.0 at the high density side of each of the three
edges .
Edge-Sample Processing
For each developer formulation, three complete replicate sets of
viscous and nitrogen-burst edge and sensitometric exposures were processed
with exposure times adjusted as necessary to account for sensitometric
speed differences. Developing-agent concentrations were reduced by 30
percent and 50 percent at a pH of 10.5, and pH was independently reduced to
10.2 for the highest set of developing-agent concentrations (10 grams hydro
quinone and 1.0 gram Phenidone per liter) to produce four pairs of process
formulations .
Each developer batch (nitrogen-burst and viscous) was mixed and adjusted
to pH on the day prior to processing, since developer preparation and pro
cessing procedures each consumed most of a working period. After prepara
tion, the solutions were placed in tightly stoppered, well filled flasks to
minimize oxidation. The developers were found to have effective shelf lives
for negligible sensitometric charge in excess of one week.
For each developer batch, nitrogen-burst processing was performed prior
to viscous processing because its greater repeatability would more readily
indicate a sensitometric problem if an error had occurred in mixing. Also,
nitrogen-burst results could be used when changing formulations to predict
approximately what process times would be needed for viscous processing.
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Developer solution was brought to a process temperature of 75F in
the nitrogen-burst tank and the film strip holder was loaded after being
brought to process temperature. After turning on the nitrogen-burst con
troller, the film holder was inserted into the tank to start processing.
At completion of development, the holder was removed and immediately in
serted into a tank of fresh Kodak F-5 fixer to rapidly halt development.
After fixation for five minutes, the strips were washed in water, squeeged,
and air dried.
For viscous processing, the previously described film holder and
environmental enclosure were used. Enclosure waterbath temperature was
adjusted to yield an air temperature of 75F + 1F during processing with
the air stirrer operating. Between process runs, small amounts of hot or
cold water were added as necessary to maintain water temperature at the
desired level. Before processing, the enclosure was allowed to come to
thermal equilibrium with air temperature within . 3F of waterbath temper
ature to minimize viscous-layer evaporative cooling. Before sample expos
ure, the viscous-process film holder was placed in a waterbath at 75F +
l/2F to bring its temperature close to the process temperature of 75F
and thereby minimize heat transfer to or from the film sample with conse
quent changes in process temperature. During processing, room air ambient
temperature was slightly above 75F, which combined with the good insulat
ing properties of the one inch styrofoam enclosure to eliminate condensa
tion problems inside the enclosure while maintaining a relative humidity
close to 100 percent.
After exposure, the sample to be processed was inserted in the film
holder which had previously been brought to temperature.
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Approximately 15 ml of viscous developer at 75F + 1/2F were poured onto
the flat end of the loaded film holder. A doctor blade, set at .005 inch
above the bearing surfaces located at the edges of the film sample, was
then used to spread developer across the film producing a coating approx
imately .030 inch thick. After coating, the sample holder was immediately
slid into the environmental enclosure for the duration of development.
At completion of development, the sample holder was quickly removed and
placed under a cold-water spray for five seconds to halt development.
*
The washed film sample was then immediately removed and placed in Kodak
F-5 fixer, using rapid agitation for the first five seconds. Subsequently,
the processed film was washed, squeegeed, and air dried. For each process,
edge exposures were bracketted to facilitate obtaining the desired 2.0
high side large-area visual density. As with nitrogen-burst processing,
sensitometric 2850K step tablet exposures were made for process documen
tation.
Microdensitometiy
After processing, the edge targets were scanned to determine edge
density profiles using an Ansco Model 4 Microdensitometer, located in the
Photographic Science Department at Rochester Institute of Technology. A
7,5 by 150 micrometer slit was selected as offering the best ratio of
signal to granularity noise. A scan speed of 1mm per minute to give a
chart scale of 1mm per 2" of chart paper was selected as being slow enough
to allow accurate determination of edge shape in a reasonable time.
Before each set of scans, the microdensitometer was calibrated with
a set of glass filters supplied for that purpose. The edge sample to be
scanned was placed in a glassiess holder with rotational capability.
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Edge alignment was achieved by moving the sample vertically with the
appropriate micrometer and rotating the sample until the edge image did
not move across the viewer screen with vertical displacement. After
alignment and focusing, the set of three edges was scanned in one pass
since the original target had been prepared with parallel edges. In the
event of an obvious defect, a different part of the edge involved was
scanned. Adjacency effects were then determined from edge trace meas
urements by dividing the decrease in dense side large-area density, A D,
by the large-area density difference, , as shown in Figure 8 on page 33.
The microdensitometer was found to have a constant Q factor of 1.20 by
dividing microdensitometer readings by visual diffuse density readings of
the same area using a Macbeth TD102 Densitometer. Consequently, micro
densitometer readings could be used directly for adjacencyeffect deter
minations. Low side density depressions were too small to be measured
accurately. For each viscous developer formulation, a secondorder re
gression line was fitted to the adjacency-effect data. In each case, the
second-order term was insignificant at the 90 percent and 95 percent
confidence levels; so a first-order line was fitted to determine adjacency-
effect magnitude for each viscous-process formulation. Adjacency effects
in nitrogen-burst processing were too small to be determined reliably.
Developer Viscosity Measurement
A Haake Precision Falling-Ball Viscometer was used to measure the
viscosity at 75F, of several batches of viscous developer by comparison
of resultant falling-ball times with those for ethylene glycol. Fall
times for the developers decreased slightly with repetition of measurement:
suggesting that the developers were non-Newtonion.
22
Viscosity values obtained were approximately 1,000 cps, but probably were
lower for high shear rates.
23
IV. EXPERIMENTAL RESULTS AND ANALYSIS OF DATA
Edge-trace and large-area intensity scale sensitometry comprised
the primary set of data analyzed to determine effects of pH, developing-
agent concentration, and process method on adjacency effects and sensi
tometry, and of edge-density difference on adjacency effect.
Sensitometiy
Figures 4 and 5 present the sensitometric data for the process
conditions selected for measurement of adjacency effects. Each curve
represents the average densities of three replicate sensitometric strips
(one per run) for each process condition. Process times were adjusted to
yield, as nearly as possible, a constant toe and mid-range curve shape
with a .4-0 to 1.60 density gradient of about 2.2. This gradient value
was selected as encompassing the range within which most print densities
occur and which includes the highlight to mid-tone region where the eye
would be most sensitive to sensitometric variations. For nitrogen-burst
processing, the mean gradient was 2.31 (range 2.28 to 2.37) i for viscous
processing, the mean value was 2.14 (range 1.93 to 2.28). Gradient vari
ations were lower for nitrogen-burst than for viscous processing.
A speed point of .60 density was selected as one commonly used for
determining printing speeds of print materials. Gradient and speed-point
values are listed in Table 1. Inspection of the standard deviations for
the speed-point and gradient data indicate that better process control
was obtained with nitrogen-burst processing. Poorer control of viscous
processing was believed to be due to additional sources of variability
such as environmental chamber air temperature and humidity, and layer
thickness .
pH
CO
G
0
X)
to
1.50 0.50
log exposure (lux-sec) 2850K
1.50
1.50 0.50
log exposure (lux-sec) 2850 K
1.50
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Table 1. Speed-point and gradient data.
process PH
HQ cone.
(gm/1)
.60 density speed-
point log exposure
(lux-sec. )
.4-0 to 1.60
density
gradient
viscous 10.5 10
X <t X <i
1.983 .0231 2.237 ,0k73
viscous 10.5 7 1.890 .040 2.281 .0886
viscous 10.5 5 T.790 .030 1.927 .0772
viscous 10.2 10 1.733 .0115 2.120 .0883
nitr. burst 10.5 10 0.167 .0153 2.279 .0227
nitr. burst 10.5 7 0.113 .0058 2. 308 .0-05
nitr. burst 10.5 5 0.120 .0173 2.369 .0270
nitr. burst 10.2 10 0.130 .010 2.265 .04-27
X = sample mean
d = sample standard deviation
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An indication of increased viscous-process variability can be seen by
comparing Figures 6 and 7 which show the average and one standard de
viation curves for viscous and nitrogen-burst sensitometry at 10.2 pH.
Sensitometric data and standard deviations for all processes are shown
in Tables 2 and 3.
A comparison of viscous and nitrogen-burst sensitometry at equival
ent contrasts, shown in Figures 4 and 5 along with Table 1 values, indi
cates several trends. The curves for nitrogen-burst processing indicate
little variation in contrast and shape with changes in formulation.
Viscous process curves all show increased toe speed over nitrogen-burst
speed values for equal gradient (.40 to 1.60 density). These process
curves all show less density for heavy exposures, presumably due to de
veloper exhaustion. To obtain the desired gradient from .40 to 1.60
density with viscous development, it was necessary to increase develop
ment time with resulting increases in density for lower exposures. As a
consequence, speed increased with decreasing developer capacity caused
by reductions in developing-agent concentrations or pH. This speed in
crease might not have occurred with a less restrained developer formu
lation.
Densities in the shoulder region of the viscous-process character
istic curves were depressed from those densities produced by equal
exposures for equivalent nitrogen-burst processing thus indicating the
presence of viscous developer exhaustion. A converse situation occurred
for low to moderate densities due to increased process times for viscous
processing and minimal developer local exhaustion. The result of these
two effects was to reduce overall contrast while maintaining essentially
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Table 2. Sensitometric data for viscous process lng.
concentration (gm/D
HQ 10 7 5 10
Phenidone 1.0 0.7 0.5 1.0
PH 10.5 10.5 10.5 10.2
log exposure visual density
(lux-sec)
^m *. * X d X d X J2.75 0.06 0.01 0.07 0.01 0.09 0.01 0.09 0.01
2.92 0.06 0.01 0.08 0.01 0.09 0.02 0.10 0.00
1.07 0.07 0.01 0.08 0.01 0.10 0.02 0.11 0.00
T.21 0.07 0.01 0.09 0.01 0'. 12 0.02 0.13 0.01
T.35 0.08 0.01 0.11 0.01 0.15 0.03 0.17 0.01
1.49 0.11 0.01 0.15 0.02 0.22 0.03 0.25 0.02
1.63 0.17 0.02 0.24 0.04 0.36 0.05 0.42 0.02
1.79 0.29 0.03 0.42 0.06 0.60 0.07 0.69 0.03
T.93 0.49 0.05 0.69 0.09 0.89 0.07 1.02 0.05
0.06 0.76 0.05 0.99 0.09 1.22 0.11 1.34 0.07
0.20 1.08 0.04 1.34 0.12 1.46 0.10 1.64 0.07
0.35 1.49 0.08 1.69 0.12 1.69 0.10 1.89 0.08
0.51 1.83 0.07 2.01 0.10 1.86 0.12 2.09 0.09
0.66 2.14 0.03 2.24 0.08 1.98 0.12 2.25 0.10
0.81 2.38 0.02 2.43 0.08 2.10 0.11 2.37 0.11
0.95 2.56 0.02 2.56 0.06 2.21 0.10 2.49 0.09
1.10 2.73 0.02 2.70 0.06 2.33 0.09 2.64 0.06
1.25 2.88 0.01 2.83 0.08 2.47 0.09 2.79 0.06
1.40 3.03 0.01 3.00 0.08 2.69 0.08 2.97 0.05
1.55 3.16 0.02 3.18 0.05 2.92 0.10 3.19 0.03
1.68 3.29 0.03 3.35 0.04 3.12 0.11 3.33 0.01
X = sample mean
d = sample standard deviation
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Table 3. Sensitometric data for nitrogen-burst processing.
concentration (gm/l)
HQ 10 7 5 10
Phenidone 1.0 0.7 0.5 1.0
PH 10.5 10.5 10.5 10.2
log exposure visual density
(lux-sec)
Y & Y o- X <t X <t
2.75 0.05 0.01 0.07 0.02 0.05 0.01 0.05 o.oi
2.92 0.05 0.01 0.07 0.02 0.06 0.01 0.05 o.oi
1.07 0.05 o.oi 0.07 0.02 0.06 0.00 0.06 0.01
T.21 0.05 0.01 0.07 0.01 0/06 0.01 0.06 0.01
T.35 0.07 0.02 0.08 0.01 0.08 0.01 0.07 o.oi
T.49 0.08 0.02 0.11 0.01 0.10 0.01 0.09 0.01
1.63 0.11 0.01 0.14 0.01 0.13 o.oi 0.12 0.01
1.79 0.17 0.02 0.21 0.01 0.19 0.02 0.18 0.01
T.93 0.27 0.02 0.32 0.01 0.31 0.02 0.30 0.01
0.06 0.42 0.03 0.50 0.01 0.49 0.04 0.47 0.01
0.20 0.67 0.03 0.78 0.02 0.78 0.05 0.75 0.02
0.35 1.00 0.03 1.15 0.01 1.15 0.06 1.10 0.02
0.51 1.43 0.02 1.61 0.02 1.61 0.06 1.15 0.03
0.66 1.83 0.03 2.05 0.04 2.04 0.08 1.91 0.06
0.81 2.26 0.04 2.50 0.05 2.49 0.08 2.30 0.07
0.95 2.61 0.05 2.88 0.05 2.85 0.08 2.61 0.09
1.10 2.94 0.06 3.21 0.05 3.16 0.07 2.91 0.08
1.25 3.19 0.04 3.44 0.06 3.37 0.09 3.14 0.09
1.40 3.37 0.04 3.62 0.05 3.54 0.11 3.29 0.10
1.55 3.51 0.02 3.74 0.05 3.69 0.11 3.43 0.09
1.68 3.57 0.05 3.87 0.05 3.74 0.13 3.50 0.09
Y sample mean
<**
s sample standard deviation
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constant contrast for all processes studied at low to moderate densities
which, in a motion picture release print, represent the highlight to mid-
tone density region in which the eye would be most sensitive to tone
reproduction variations. A comparison of equivalent viscous and nitro
gen-burst characteristic curves indicated that the change in shape be
tween process types was greatest for the low concentration developer
formulation as could be expected due to longer process times and increased
viscous developer local exhaustion at higher densities. The viscous-
process curve at this process condition suggested a bimodal cummulative
distribution of grain sensitivities with one grain population retarded
more than the other by decreases in developer activity for viscous devel
opment. None of the nitrogen-burst curves illustrated a bimodal curve
shape and all had essentially the same speed, suggesting that the observed
bimodal curve shape was caused by limited developer capacity. There was
no other reason to believe that the film contained two emulsion layers or
two different grain populations.
Adjacency Effects
Adjacency-effect magnitudes were calculated as AD/ shown in Figure
8 for all four viscous formulations. For each formulation, adjacency ef
fects were measured for high, medium, and low edge contrast levels from
three replicate runs. These data were then fitted with a first-order re
gression line of the form AD = B_ + B.S to determine the relation between
adjacency-effect magnitude and edge macro-density defference. For all
four cases, a second-order linear model, AD = B + Bj6 + l^iS) , was tried
first, but the resultant second-order term, B2 was not significant at the
95 percent and 90 percent levels* indicating that the relationship could
not be determined to be non-linear with the available data.
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The constant tern, Bq, was not significantly different from zero for all
four formulations, adding credence to the calculated relations since the
concentration gradients necessary to produce adjacency effects could not
have occurred without an edge density difference.
Results of the first-order regression analysis of adjacency effect
data are presented in Figures 9 and 10, and in Table 4. These data indi
cate a rapid increase in adjacency effect with decreasing pH or develop
ing-agent concentration. The fact that the second-order term is not
significant is consistent with Frieser , who found the adjacency effect,
/^D/D (see Figure 8), to be independent of edge macro-density difference,
, and of location of that density difference on the characteristic
curve. This finding is also consistent with Nelson's findings1-1-. Data
obtained for the viscous processing adjacency effect can be compared with
and are consistent with Frieser* s findings despite a difference in calcu
lation technique (AD/D versus Ad/j shown in Figure 8) because of the
small differences between D and for the experimental data.
Nelson found in his investigations that the chemical spread functon
is proportional to the product of dense side large-area density and edge
large-area density difference if density is directly proportional to mass
12
of silver formed per unit area. Edge exposure sets used for obtaining
the adjacency-effect data were made with a constant dense side large-
area density for each process formulation tested. If one assumes that
the silver formed was directly proportional to visual density and that the
optical spread function remained constant, the linear relationship found
between adjacency effect magnitude and edge large-area density difference
along with the essentially constant edge trace profile and width is con
sistent with Nelson's results.
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(TJ phenidone concentration = ,5 gm/1, correl. coef. = .987
& phenidone concentration = .7 gm/1, correl. coef. = .974
0 phenidone concentration = 1.0 gm/l, correl. coef. = ^989
HQ concentration = fphenJJ X 10
(Ansco Model 4 densities, Q = 1.20)
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Table 4. Begress ion-line coefficients with 95% confidence
limits for viscous-process adjacency effect data.
adjacency effect, AD B + B.()
density
distance
PH
HQ cone.
(gm/1) Bo Bl
10.5
10.5
10.5
10.2
10
7
5
10
.00361.0226
.01481.0692
.00301.0675
.01511.0232
.09281.0352
. 1928*. 1068
.31161.1097
.24151. 0356
B0 is not significantly different from zero at the
90# and 95% confidence levels for all formulations.
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The edge effects measured have widths on the order of one-half
millimeter, indicating that long diffusion distances are involved. A
typical high density difference edge trace for viscous development at
10.2 pH is shown in Figure 11, to illustrate the shape of the effects
obtained. Figure 12 presents an equivalent nitrogen-burst sample trace
for comparison. In Table 5, adjacency-effect width data are shown for
the four viscous processes. Full width, X is taken as the distance
from the trace peak density to point A, at which the trace becomes tan
gent to the large-area high side density. Half width, X]_, is taken as
the distance from trace peak density to point B where density has de
creased by amount d, half of the dense side density increase. Full
widths are approximately |mm, increasing slightly with reduced developer
activity; half widths are approximately one third of full widths.
Neither width measurement shows a significant change in magnitude with
viscous process formulation change.
To test for viscous developer layer thickness effects, an edge set
was processed using a 10.2 pH developer batch in a beaker to simulate an
infinitely thick developer layer. Approximately 40 ml of viscous devel
oper at 75F was placed in a 100 ml beaker. The edge sample to be pro
cessed was placed in the developer around the circumference of the beaker,
emulsion side in. Edge images were oriented vertically to eliminate the
possibility of convective flow of developer across the edges. At com
pletion of the development time of 10 minutes, the film sample was with
drawn and quickly washed with cold water (in the same manner as used for
doctor blade coated samples) to halt development prior to fixation.
Comparison of adjacency-effect magnitudes with those for doctor blade
39
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Table 5. Adjacency-effect width data for viscous processing.
density
x2H
b \y\ d t
A s
distance
PH
HQ cone.
(gm/1)
density
difference,
8
k width, X.
<J) 1
full width, X,
(um)
2
Y & X </
10.5
10.5
10.5
10.2
10
7
5
10
high
medium
low
high
medium
low
high
medium
low
high
medium
low
169
158
163
175
158
190
167
163
179
229
161
190
27.0
14.4
12.5
44.2
34.6
45.4
38.2
54.1
18.7
32.1
37.0
51.8
500
450
425
610
544
570
592
550
583
685
631
550
90.1
75.0
50.0
37.9
42.7
44.7
38.2
43.3
14.4
33.5
42.7
54.2
X = sample mean
d = sample standard deviation
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coated samples, processed for the same time at the same temperature with
the same developer formulation, indicated no difference in adjacency
effect and little change in sensitometry (.06 log exposure increase at
the .60 density level). These test results, obtained with one of the
lower activity developer formulations, indicated that the viscous devel
oper thickness of (750 micrometers) used was effectively a thick
layer so the adjacency effects observed were not caused by limitations
in local developer supply due to layer thickness. These results also
suggested the possible use of this beaker-processing method with its
simpler temperature control capability for future viscous developer
adjacency-effect studies .
Density versus log development time data were plotted, vising prelim
inary time series data to select an exposure level producing low to moder
ate densities for all processes to obtain a comparison of developer act
ivities for the developer formulations under conditions of low to moder
ate depletion. In Figures 13 and 14, plots are shown for an exposure
level of .50 log exposure. These data are the result of single test runs
so no lines were drawn to indicate functional relationships. Although
the data presented are preliminary in nature, three trends are suggested.
First, developer activity for both nitrogen-burst and viscous processing
decreased with decreasing developing-agent concentration. Second, activ
ities of the nitrogen-burst and viscous processes were similar at the
highest pH and developing-agent concentrations. Third, as pH or develop
ing-agent concentrations were decreased, viscous-developer activity fell
more rapidly than that of an equivalent nitrogen-burst formulation, as
would be expected because of greater local depletion in the viscous
developer layer.
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Figure 13. Developer activity data - density versus develop
ment time for a log exposure (lux-sec) of 0.50.
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Figure 14. Developer activity data - density versus develop
ment time for a log exposure (lux-sec) of 0.50.
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Time-gamma series run for the different process formulations indi
cated that contrast was close to a maximum at the process times selected
for measurement of adjacency effects. For durations much in excess of
the selected times, base fog levels rose rapidly with resultant loss of
contrast. Edge samples were scanned for shorter process times, but the
adjacency effects, Ad/ were less than those obtained at the process
durations yielding the desired gradient of roughly 2.2. For the 10.2 pH
viscous formulation, edge samples were processed for development times
of 30 seconds and 90 seconds, with j&D/ ratios of 1.5 percent and 11 per
cent resulting. These values were substantially less than the 24 percent
obtained for a 10 minute process time. Although a complete adjacency
effect time series was not run, the results obtained suggest that adjacency
effects increased rapidly at first and continued to increase for a major
portion of the time required for complete development.
Theoretically, one would expect adjacency effects to go through a
maximum with time, since they cannot occur until there has been some local
developer exhaustion, and then decrease with continued development in the
absence of iodide effects. Several authors including Nelson mention,
without showing supporting data, that a short development time commonly
gives a greater adjacency effect than a long development time. The observed
experimental results show no indication of a decrease in adjacency effect
with time after a maximum is reached, possibly due to presence of the
iodide effect. Iodide may not be the only reason for the persistence of
adjacency effects} changes in covering power could be partially responsi
ble for the observed persistence but no covering power data was collected.
The experimental data published for the four process conditions was obtained
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at close to complete development as evidenced by a rapid rise in minimum
density with extension of process time.
Adjacency-effect magnitude was extremely sensitive to pH level. A
drop in pH of .30 from 10. 5 to 10.2 produced an increase in adjacency-
effect magnitude nearly as large as a 50$ reduction in developing-agent
concentrations - possibly due to increased importance of bromide concen
tration at lower pH values. No evidence is available, however, to indi
cate what factor was responsible for the rapid increase in adjacency-
effect magnitude with reduction of developer pH.
Modulation Transfer Factor
Modulation transfer functions were calculated for typical viscous
and nitrogen-burst edge traces at a pH of 10.5 for the lowest developing
agent concentrations. The results obtained using edge gradient analysis
are shown in Figure 15 for a high density difference edge, together with
1 -!
Kodak published data for Eastman 5302. J
The MTF curves presented in Figures 15 and 16 for viscous and nitrogen-
burst processing were calculated by taking density values along edge traces
at 379 micrometer increments, converting these values to effective ex
posure by using the appropriate large-area characteristic curve, and then
computing the spread function as the derivative of the effective edge
exposure profile. These data were then fed into an edge-gradient analysis
computor program provided by Professor M. F. Abouelata at Rochester Insti
tute of Technology. This program normalized the spread functions and
computed the corresponding Fourier transforms to produce the MTF data
plotted in Figures 15 and 16.
Nitrogen-burst MTF data for the high and low density difference edges
are essentially identical, as expected, for a process without measurable
47
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Figure 15. Modulation transfer factor versus spatial fre
quency determined by edge-gradient analysis for a high density
difference edge with viscous and nitrogen-burst processing.
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Figure 16. Modulation transfer factor versus spatial fre
quency determined by edge-gradient analysis for a low density
difference edge with viscous and nitrogen-burst processing.
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adjacency effects. Both curves fall slightly below the Kodak published
data, probably due to more light scatter for an edge than for a sign wave
target, lack of correction for the microdensitometer MTF, and lack of a
perfect edge target.
MTF curves for the viscous process increase with edge density dif
ference, indicating presence of non-linearities produced by adjacency
effects . For the low density difference edge high frequency MTF values
fall below those for the corresponding nitrogen-4>urst process. A likely
explanation for this occurrence is the inherent imprecision of edge-
gradient analysis.
Both viscous spread functions were assymetrical in shape. Each one
exhibited negative values on the dense side of the edge, followed by a
long negative tail. The negative values and tail length were greater
for the high density difference edge than for the low density difference
edge. Initial calculations for the high density difference viscous
spread function produced a tail extending for roughly 250 micrometers
from the spread function peak on the high density side. The resulting
MTF had a zero frequency value of .45 which appeared unreasonable. This
long tail was shortened to 60 micrometers from the spread function peak
and smoothed as necessary to achieve a smooth transition to zero at its
tip. The resulting MTF was not altered appreciably, except for the zero
frequency value which increased to a more reasonable value of .85.
Apparently the long negative tail reduced the very low frequency computed
MTF values.
Experimental MTF curves shown in Figures 15 and 16 are based on
spread function widths of roughly 150 to 250 micrometers. The assumption
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of spread function symetry made by Nelson was not applied to the MTF
calculations because the experimental data indicated that viscous spread
functions were definitely assymetrical with negative values occurring
only on the side of the spread function corresponding to the high density
side of the edge.
Edge samples used for the MTF analysis had a high side density of
2.15 for viscous processing and 2.03 for nitrogen processing along with
low side densities of 1.81 and .52 for viscous and 1.51 and .35 for
nitrogen-burst .
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V. CONCLUSIONS
Adjacency effects in the viscous processes were highly dependent
upon developing-agent concentrations and pH levels in the ranges covered
by the experiments. For all four viscous process formulations, statisti
cal tests indicated that the adjacency effect was directly proportional
to edge large-area density difference over the range of conditions tested;
the second-order term was negligible in the regression analysis calculated
for each formulation. This result was consistent.with Frieser' s findings
cited previously-^ in which he also noted a linear relationship between
adjacency effect and density difference measured by a slightly different
technique .
By increasing viscous processing times over those required for nit
rogen-burst processing, it was possible to match viscous and nitrogen-
burst characteristic curve gradients over the density range of 0.4 - 1,5
but not complete curve shapes for each process condition. Viscous pro
cess curves showed increases in toe speed for equal gradient due to in
creased development time. Simultaneous losses of shoulder density indi
cated depletion of viscous developer at film areas receiving high exposure
levels. The lack of measurable adjacency effects for nitrogen-burst pro
cessing indicates that this type of agitation prevented significant local
exhaustion.
Edge-gradient analysis indicated that viscous development produced
increased modulation at low spatial frequencies; in general, micro contrast
at moderately low spatial frequencies must have been higher than the macro
contrast for viscous processing. This result, combined with the increased
viscous development times required to reach a given gradient and the losses
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in large-area shoulder density for viscous processing, suggested that
viscous processing by local limitation of developer supply caused re
pression of large area densities and hence reduction of macroscopic
contrast.
Contrary to expectations, viscous-process adjacency effects con
tinued to increase with development time up to values of contrast close
to the maximum contrast obtainable with the process. In the well-buffered
developer formulation chosen for study, a 0,3 decrease in pH increased the
adjacency-effect magnitude almost as much as decreasing the developing-
agent concentrations by 50$. Nothing has been found in the literature
which would predict an increase of this magnitude.
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VI. RECOMMENDATIONS
The high densities obtainable (in excess of 2.8) for all four
viscous processes indicate that all formulations tested had sufficient
developer capacity for cinematographic use with Eastman 5302 although
the required development times, 5 to 10 minutes, would be impractical
for such applications which require processing of large quantities of
film. Further investigation is needed to determine how adjacency effects
change when developer activity is increased to produce practical process
times. The increase in adjacency effect, J\D/8 > observed at the lower
pH value suggests that adjacency-effect magnitude would decrease at higher
pH values. Shorter development times and higher reaction rates, however,
would tend to increase local exhaustion because diffusion rates do not
change with pH. Increasing processing temperature would also raise
developer activity and should produce adjacency-effect changes similar
to those produced by pH increases.
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